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Abstract：In order to study the triggering conditions of the intersecting instability of the flap wingtip vortex
and the main-wing vortex，the rectangular wing model is used to generate a pair of wingtip vortices with different
flap widths and attack angles and the optimal vortex parameters for triggering R-L（Rayleigh-Ludwig）instability
are investigated within 35 wingspans. The flow visualization experiments show that the single main-wing vortex
has not changed significantly at 35th wingspan，and the energy attenuation is very slow. The wake flow instability
is activated after the flap installation and the main-wing vortex energy dissipates much more quickly with the in‐
crease of the flap attack angle in certain extent. The PIV（particle image velocimetry）analysis（statistical radius
for the wake flow circulation R d=50mm）has found that the wake flow energy dissipates most quickly while the
main-wing attack angle α=8°，the flap attack angle β=28°，the flap width b=55mm and the flow velocity V=0.5m/s，
and the main-wing’s 35th wingspan vortex circulation reduced to the 28% of 1st wingspan. The aircraft wake flow
can be controlled effectively by installing the suitable flaps and the fracture and dissipation of the main-wing vor‐
tex can be accelerated.















































Fig. 2 4-vortex system

























































Fig. 4 Flap models

















Table 1 Experimental parameters for circulating mode
Flow velocity V/(m/s)
Main-wing attack angle α/(°)
Flap width b/mm



















Fig. 6 Experimental layout
Fig. 7 Dyeing fluid between two damping nets








发展。图 9为单主翼在 α=6°，8°，10°和 12°攻角下尾
流实验效果。
Fig. 9 Circulating visualization for single main vortex
从图 9可以看出，随着主翼攻角的增大，近场尾
流区出现“毛刺”状的扩散及三维螺旋状变形结构的





























Fig. 10 Near-field wake flow


























































































Fig. 14 Drag visualization for twin-vortexFig. 13 Drag visualization for single main vortex




















































Fig. 15 Voritcity & velocity vectors of main vortex
Fig. 16 Motion track of main vortex core
Fig. 17 Velocity distributions of main vortex
4.2 单主翼翼尖涡环量
对图 15中显示的主翼涡进行环量的统计，统计
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量值除以标准值得到了主翼涡环量相对值随翼展变
的曲线，如图 19所示。从图 18中可以看出，主翼涡
环量在 R d=100mm时最大，Г值在 4000左右，随着统
计半径 R d的减小，环量值也相应降低，R d=75mm时，Г

















Fig. 18 Main vortex circulations










Fig. 20 Statistics of relative circulations（main vortex）
Fig. 21 Voritcity & velocity vectors of twin-vortex
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卷入主翼尾涡中，给尾流注入了大量的能量，同时 R-
L不稳定性尚未触发，故表现出了环量的上升。
Fig. 24 Twin-vortex circulations


































Fig. 25 Relative circulations of twin-vortex
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差值在 6%以内；R d=75mm时，第 35个翼展时襟翼攻
角 β=28°状态下相对环量最小为 0.61，襟翼攻角 β=
24°与 β=20°相对环量非常接近，分别为 0.66和 0.67，
襟翼攻角 β=16°时相对环量最大为 0.70；R d =50mm
时，相对环量随着襟翼攻角增大而减小，分别为 0.52，
0.49，0.38和 0.32。





















可见衰减效果最好的数据在初始环量比值 Г1 /Г0 =
0.65左右，即在该区域内构建四涡系统可使其能量消
散最快。
Fig. 27 Four-vortex system stability



















半径 R d=50mm时，Г35 /Г1=0.28。
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